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APPLICATION OF SSFP PULSE SEQUENCE WITH PHASE ALTERNATION FOR QUALITATIVE EVAL-
UATION IN OILSEEDS
Abstract: RLOVGHULYHGIURPJHQHWLFDOO\PRGL¿HGRLOVHHGVKDYHEHHQDQDOWHUQDWLYHWRLQFUHDVHWKHTXDOLW\RIWKHRLOV
XVHGLQIRRGDSSOLFDWLRQVDQGELRIXHOV7KHDQDO\WLFDOPHWKRGVRIWHQXVHGIRUDQDO\]HVRIWKHVHJHQHWLFDOO\PRGL¿HG
VHHGVDUHODERULRXVDQGWLPHFRQVXPLQJ7KLVZRUNSURSRVHVWKHXVHDQHZUDSLGWHFKQLTXHIRUORZUHVROXWLRQ
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WKHEUHHGLQJSURJUDPDQGLQGXVWULDOTXDOLW\FRQWUROZKHUHUDSLGDQDO\VHVDUHFUXFLDOIRUWKHSURFHVVHV
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1. Introdução
$FUHVFHQWHEXVFDGDVLQG~VWULDVDOLPHQWtFLDVHGHELRFRPEXVWtYHLVSRUyOHRVYHJHWDLVGHDOWDTXDOLGDGH
YHPLPSXOVLRQDQGRSHVTXLVDVYROWDGDVDRPHOKRUDPHQWRJHQpWLFRGDVVHPHQWHVGHROHDJLQRVDV$LQG~VWULDDOL-
PHQWtFLDWHPEXVFDGRyOHRVHVWiYHLVHIXQFLRQDLVVHPiFLGRVJUD[RVtrans,DVVRFLDGRVjVGRHQoDVFDUGLRYDVFXOD-
UHV(VWDVLQG~VWULDVWDPEpPSURFXUDPSRUROHDJLQRVDVFRPDOWDFRQFHQWUDomRGHiFLGRHVWHiULFRSDUDVXEVWLWXLomR
GDPDUJDULQDHPDQWHLJDKLGURJHQDGD35(67(6&2/1$*2et al.ÈFLGRVJUD[RVPRGL¿FDGRVWDPEpP
VmRXPDDOWHUQDWLYDSDUDSURGXomRGHELRGLHVHOGHDOWDTXDOLGDGH$VSURSULHGDGHVGRELRGLHVHOFRPRFDSDFLGDGH
GHLJQLomRFDORUGHFRPEXVWmRHVWDELOLGDGHR[LGDWLYDYLVFRVLGDGHHDOXEUL¿FDomRVmRGHSHQGHQWHVGDVFDUDFWH-
UtVWLFDVGRViFLGRVJUD[RVSUHVHQWHVQDVVHPHQWHVROHDJLQRVDV2ViFLGRVJUD[RVSROLLQVDWXUDGRVVmRPDLVLQVWi-
YHLVGRTXHRVPRQRLQVDWXUDGRVHVDWXUDGRV(QTXDQWRRVVDWXUDGRVDSUHVHQWDPDOWDYLVFRVLGDGHHWHQGrQFLDHP
VROLGL¿FDUQRIULR
7pFQLFDVDQDOtWLFDV LQVWUXPHQWDLVXWLOL]DGDVSDUDGHWHUPLQDomRGDTXDOLGDGHGRViFLGRVJUD[RVVmRED-
VHDGDVHPFURPDWRJUD¿DJDVRVD&*HVSHFWURVFRSLDGHLQIUDYHUPHOKR,9HUHVVRQkQFLDPDJQpWLFDQXFOHDUGH
DOWDUUHVROXomR501$5GRH e &3RUpPHVWDVWpFQLFDVVmRWUDEDOKRVDVGHPDQGDPPXLWRWHPSRHGHVWURHP
DDPRVWUD$OpPGLVVRXPSURJUDPDGHPHOKRUDPHQWRJHQpWLFRGHPDQGDXPJUDQGHQ~PHURGHDQiOLVHV35(6-
7(6&2/1$*2et al.$OWHUQDWLYDPHQWHD501GHEDL[DUHVROXomR501%5WHPVHWRUQDGRXPD
IHUUDPHQWDUREXVWDUiSLGDHGHPHOKRUFXVWREHQHItFLRSDUDDQiOLVHVGHDOLPHQWRV$VDQiOLVHVVmREDVHDGDVSULQ-
FLSDOPHQWHQRWHPSRGHUHOD[DomRWUDQVYHUVDO7XWLOL]DQGRDVHTXrQFLDCarr-Purcell-Meiboom-Gill&30*SDUDDQiOLVHVTXDQWLWDWLYDVHTXDOLWDWLYDVGRViFLGRVJUD[RVHPVHPHQWHVLQWDFWDV35(67(6&2/1$*2et al.

5HFHQWHPHQWHWpFQLFDVTXHXWLOL]DPPHQRUSRWrQFLDYrPVHQGRGHVHQYROYLGDVSDUDDQiOLVHVonline rápi-
GDVGHQWUHHODVD&30*WUHPGHSXOVRVGHHDWpFQLFDVGRHVWDGRHVWDFLRQiULRFRPRcontinuous wave free 
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precession &:)3 e Carr-Purcell continuous wave free precession &3&:)3(VWHVPpWRGRVYrPVHQGRDP-
SODPHQWHHPSUHJDGDHPDQiOLVHVGHDOLPHQWRVFRPRyOHRVHJRUGXUDVVHPHQWHVIUXWDVHSURGXWRVLQGXVWULDOL]DGRV
WDQWRQRPRGRHVWiWLFRRIÀLQHTXDQWRQRPRGRonline
1.1. Estado estacionário
2PpWRGR&:)3XPDFRQGLomRHVSHFLDOGRsteady state free precession66)3IRLSULPHLUDPHQWHDSUH-
VHQWDGRSRU$]HUHGRHFRODERUDGRUHV(VWiWpFQLFDpFRPSRVWDSRUXPWUHPGHSXOVRVGHʌ
x
HVSDoDGRV
por um oZ2FRPSRUWDPHQWRGDPDJQHWL]DomRIUHQWHjDSOLFDomRGHXPDVHTXrQFLDGHSXOVRVLGrQWLFRVHFRP
LJXDOHVSDoDPHQWRHQWUHHOHVIRLGHVFULWRSRU(UQHVWH$QGHUVRQDWUDYpVGHH[SUHVV}HVDQDOtWLFDVGHULYDGDV
GDHTXDomRGH%ORFKHTXDo}HV(VWDVHTXDo}HVGHVFUHYHPXPFRQMXQWRGHLVRFURPDWDVQRHVWDGRHVWDFLR-
QiULR((FRPIUHTXrQFLDDQJXODUtRQGHDFRPSRQHQWH0[\-UHSUHVHQWDDPDJQHWL]DomRDQWHVGHFDGDSXOVRGHQRPLQDGDHFR$FRPSRQHQWH0[\+ GDPDJQHWL]DomRpGHQRPLQDGDGH),'HpREWLGDDSyVDDSOLFDomRGHXP
pulso __kQJXORGHURWDomR(51(67H$1'(5621
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1DVHTXDo}HVGHVFULWDVDFLPDȥ 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9HQkQFLRHFRODERUDGRUHV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GLGDVLPXOWkQHDGRVWHPSRVGHUHOD[DomR7H7HPXP~QLFRH[SHULPHQWRFRPPHVPDGXUDomRGDVHTXrQFLD&30*9(1Æ1&,2(1*(/6%(5*et al.1RH[SHULPHQWR&:)3DPDJQHWL]DomRGHFUHVFHH[SRQHQ-
FLDOPHQWHDWpDWLQJLUXP((FRQIRUPHHTXDomR(VWHGHFDLPHQWRQRVIRUQHFHR73RUPHLRGHVWHHGDDPSOLWXGH
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(QWUHWDQWRTXDQGR7H7 GDDPRVWUDVmRSDUHFLGRVDPHGLGDGHUHOD[DomRSRU&:)3pPXLWRVHQVtYHODUXtGRVGHYLGRjSHTXHQDGLIHUHQoDGHDPSOLWXGHHQWUHRVVLQDLVGRHVWDGRquasiHVWDFLRQiULREQEHEE3DUD
UHVROYHUHVVHSUREOHPD$QGUDGHHFRODERUDGRUHVLQWURGX]LUDPXPDVHTXrQFLDGHQRPLQDGDCarr-Purcell-
continuous wave free precession&3&:)32VLQDOJHUDGRSRU&3&:)3DSUHVHQWDXPDJUDQGHGLIHUHQoDGH
amplitude entre os estados EQE e EESHUPLWLQGRXPPHOKRUDMXVWHGDFXUYDGH7SDUDDPRVWUDVFRP7a7$1'5$'(1(772H&2/1$*2
3RUpPWDQWRD&:)3TXDQWRD&3&:)3WrPFRPRSULQFLSDOGHVYDQWDJHPDQHFHVVLGDGHGRGHVORFD-
PHQWRGDIUHTXrQFLDGHoffsetGHDFRUGRFRPRLQYHUVRGRYDORUGRWHPSRHQWUHRVSXOVRVo$VVLPHUURVQR
FiOFXORGDIUHTXrQFLDGHoffsetSRGHPDJUHJDUHUURVQDPHGLGDGRVWHPSRVGHUHOD[DomR3RUWDQWRSDVVRXVHD
LQYHVWLJDURXVRGHVHTXrQFLDVGHSXOVRVWLSR66)3FRPDOWHUQkQFLDGHIDVHHQWUHRVSXOVRVDVTXDLVQmRQHFHV-
VLWDPGHVORFDUDIUHTXrQFLDVGHoffset1HVWHWUDEDOKRHVWiVHQGRHVWXGDGDDVHTXrQFLD&30*\\ para análise de VHPHQWHVROHDJLQRVDV2VUHVXOWDGRVREWLGRVFRPHVWiVHTXrQFLDHPHVWXGRIRUDPFRPSDUDGRVFRPRVREWLGRVSHOD
VHTXrQFLDFRQYHQFLRQDO&30*
2. Materiais e Métodos
2HTXLSDPHQWR XWLOL]DGR SDUD DV DQiOLVHV IRL XP HVSHFWU{PHWUR0LQLVSHFPT GD%UXNHU FRPXP
PDJQHWRGH7H0+]SDUDR+FRPprobeGHPPFRPYDULDomRGHWHPSHUDWXUDGHD&$V
DPRVWUDVXWLOL]DGDVIRUDPVHPHQWHVLQWDFWDVGHVRMDDPHQGRLPPDFD~EDPDFDGkPLDSLQKmRPDQVRPDPRQDH
OLQKDoD
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$VVHTXrQFLDVGHSXOVRVXWLOL]DGDVIRUDP&30*FRPSRVWDSRUXPSXOVRGHʌHP[¶HVSDoDGRSRUoHVHJXLGRGHXPWUHPGHSXOVRVGHʌHP\¶HVSDoDGRVSRUo)LJXUD$H&30*\\FRPFDUDFWHUtVWLFDVSUy[LPDVD&30*SRUpPRWUHPGHSXOVRpFRPLQYHUVmRGHIDVHHP\¶H±\¶HRĲ7)LJXUD%
)LJXUD6HTXrQFLDVGHSXOVRV$&30*H%&30*\\
3. Resultados e Discussão
1DV VHPHQWHVROHDJLQRVDV HQFRQWUDPRVGRLV FRQMXQWRVSULQFLSDLVGHyOHRVTXH VmR FDUDFWHUL]DGRVSRU
DSUHVHQWDUHPGLIHUHQWHVYLVFRVLGDGHV$YLVFRVLGDGHGHSHQGHGRWDPDQKRGDVFDGHLDVGHFDUERQRHGRQ~PHURGH
LQVWDXUDo}HVSUHVHQWH3RUWDQWRFRPRDYLVFRVLGDGHGRVyOHRVHVWiLQYHUVDPHQWHUHODFLRQDGDFRPRVYDORUHVGH7IRLQHFHVViULRDSOLFDUXPDMXVWHGHFXUYDELH[SRQHQFLDOSDUDUHDOL]DURWUDWDPHQWRGRVGDGRV1D)LJXUD$H%
VmRDSUHVHQWDGRVRVVLQDLVREWLGRVFRPDVVHTXrQFLDV&30*H&30*\\UHVSHFWLYDPHQWHSDUDDQiOLVHGRyOHRGDVVHPHQWHVGHPDFDGkPLDOLQKDoDPDFD~EDVRMDDPHQGRLPSLQKmRPDQVRHPDPRQD
                                                         
)LJXUD6LQDLVH[SHULPHQWDLVREWLGRVSDUDDVVHTXrQFLDV$&30*H%&30*\\SDUDDVVHPHQWHVGHOLQKDoDPDFDGkPLDDPHQGRLPPDFD~EDVRMDSLQKmRPDQVRHPDPRQD
1DWpFQLFD&30*)LJXUD$VHREVHUYDTXHRVGHFDLPHQWRVGRVVLQDLV7)GHyOHRVFRPGLIHUHQ-WHVYLVFRVLGDGHV$VHPHQWHGHPDPRQDDSUHVHQWRXRGHFDLPHQWRPDLVUiSLGR,VVRpGHFRUUHQWHGHVHXyOHRVHU
FRPSRVWRSRUaGRiFLGRULFLQROpLFRTXHpXPiFLGRJUD[RYLVFRVRGHFDGHLDORQJDPRQRLQVDWXUDGDHDLQGD
DSUHVHQWDXPDKLGUR[LODQRGpFLPRVHJXQGRFDUERQRRTXHDXPHQWDDLQGDPDLVVXDYLVFRVLGDGH-iDVVHPHQWHV
GHOLQKDoDDSUHVHQWDUDPRGHFDLPHQWRPDLVORQJRGHYLGRVHXyOHRWHUaGRiFLGROLQROrQLFRXPiFLGRSR-
OLLQVDWXUDGRFRPEDL[DYLVFRVLGDGH35(67(6&2/1$*2et al.3RUWDQWRTXDQWRPDLVYLVFRVRRyOHR
PDLVUiSLGRRGHFDLPHQWRGRVLQDO$VRXWUDVVHPHQWHVDPHQGRLPVRMDPDFDGkPLDPDFD~EDHSLQKmRPDQVR
DSUHVHQWDPYLVFRVLGDGHVPXLWRSUy[LPDVGHVWDIRUPDRGHFDLPHQWRGRVVLQDLVSDUDHVWDVIRUDPVLPLODUHVWRUQDQ-
GRGLItFLODGLVWLQomRHQWUHDVVHPHQWHV
8WLOL]DQGRDVHTXrQFLD&30*\\WDPEpPpSRVVtYHOGHWHUPLQDUDYLVFRVLGDGHGRyOHRSUHVHQWHQDVVH-PHQWHVID]HQGRRFiOFXORGH7XWLOL]DQGRDHTXDomR HRVYDORUHVGH7HDVDPSOLWXGHVGR((0((HGRHTXLOt-EULRWpUPLFR0)LJXUD%7pREWLGRSHOR DMXVWHGHFXUYDELH[SRQHQFLDOGRVLQDO&30*\\entre os estados (4(H((SRLVFRPRMiDERUGDGRDVROHDJLQRVDVDSUHVHQWDPGRLVJUXSRVSULQFLSDLVGHyOHR
8PDFRUUHODomRHQWUHRVYDORUHVGH7REWLGRVSRU&30*H&30*\\pDSUHVHQWDGDQD)LJXUD(P$HVWmRRVYDORUHVGDFRPSRQHQWHGH7UHODFLRQDGDFRPRFRQMXQWRGHyOHRFRPPDLRUYLVFRVLGDGHSRUWDQWRFRPPHQRUYDORUHGHFDLPHQWRPDLVUiSLGR(QD)LJXUD%RVYDORUHVGDFRPSRQHQWHFRPPDLRUYLVFRVLGDGH
SRUWDQWRFRPPDLRUYDORUGH7HGHFDLPHQWRPDLVORQJR(PDPEDVDV)LJXUDVGHVWDFDPVHDPDPRQDHOLQKDoDTXHDSUHVHQWDUDPYDORUHVH[WUHPRVGH7GHYLGRDDOWDHEDL[DYLVFRVLGDGHUHVSHFWLYDPHQWH)RUDPREWLGRVYD-ORUHVGHFRUUHODomROLQHDUGH)LJXUD$H)LJXUD%SDUDRVGRLVYDORUHVGH7REWLGRVSHORDMXVWHELH[SR-HQHQFLDO(VVHVUHVXOWDGRVLQGLFDPTXHDVHTXrQFLD&30*\\SRGHVHUXPDDOWHUQDWLYDj&30*SDUDREWHQomRGRVYDORUHVGH7GHVHPHQWHVROHDJLQRVDVSDUDDQiOLVHTXDOLWDWLYDGHyOHRV
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